According to Born's rule quantum probabilities are given by the overlap between the system state and measurement states. We investigate whether typical nonclassical effects such as subPoissonian statistics and quadrature squeezing should be ascribed just to the system state or to the measurement states, which are typically highly non classical by themselves: number states and infinitely squeezed states. To this end we investigate whether non classicality still holds after replacing in Born's rule number and quadrature states by classical-like states.
PACS numbers: 42.50. Ar, 42.50.Xa, 03.65.Ta Introduction.-Nonclassical effects are at the heart of the quantum theory. They are relevant both from fundamental as well as practical reasons, and nonclassicality is actually a resource for future quantum technologies.
Nonclassicality is revealed by peculiar effects in observed statistics. According to Born's rule quantum statistics are determined in a symmetrical way both by the system state |ψ and measurement states |m , this is P (m|ψ) = | m|ψ | 2 [1] . Typically |m are the eigenvectors of the measured observable.
This raises the question of whether nonclassicality is a property of the apparatus states |m or a property of the state |ψ being measured. This is specially pertinent since typically |m are highly nonclassical states by themselves, say number states and infinitely squeezed states in photon-number and quadrature measurements [2, 3] . Despite this natural and simple remark, the non classicality has been always ascribed to the system state.
In this work we reconsider this situation. To this end we consider that the statistic arises not by projection on nonclassical states, but on classical-like states. We may say that is the action of some kind of a Born's demon that does not alter any other element of the quantum theory, just performs this little trick. We examine whether we can conclude that after this change the statistics is classical-like or nonclassical. We show that paradigmatic nonclassical effects vanish if the measurement states become classical-like. So subPoissonian statistics or quadrature squeezing no longer allows us to conclude that it is the state by itself that is nonclassical just the measurement basis.
As paradigmatic nonclassical tests we focus on subPoissonian number statistics, anti-correlation of photons, and quadrature squeezing. We shall adopt the customary universal definition stating that the state is nonclassical when the Glauber-Sudarshan P is not a bona fide probability distribution [4] . This is not the only criterion, nor the most general [5] [6] [7] , but it will serve well for our purposes. * Electronic address: alluis@fis.ucm.es; URL: http://www.ucm.es/ info/gioq Classical-like measurements.-Considering for simplicity a single-mode scenario of the measurement of an observable M when the system state is |ψ resulting in an statistics P (m|ψ) = | m|ψ | 2 . We will consider just two cases: light intensity assumed proportional to photon number M =n = a † a, |m = |n withn|n = n|n , and quadra-
The classical-like scenario of these measurements is obtained by replacing the projection on |m by the projection on the classical-like coherent states |α with a|α = α|α . More specifically we replace numbern by light intensityn → I = |α| 2 and quadratureX by the real part of α = x + iy. The statistics of such classical-like measurements are thus given by corresponding marginals of the Husimi Q distribution
and
Alternatively we can just focus on moments, so that the classical-like measurement corresponds to the evaluation of anti-normally-ordered moments. That is for example that
where f A (a, a † ) means that in a power series expansion of f (α, α * ) the variables α, α * are replaced by the operators a, a † , respectively, with all operator a † to the right of the operators a.
SubPoissonian statistics.-As a classic non classical test, it is known that subPossonian statistics, ∆ 2n < n , is incompatible with a bona fide P (α). The question is whether subPoissonian behavior still holds after the replacement (1) . To this end we focus on the first two moments of I
so that
So if we replace quantum by classical-like measurement all states are Poissonian (number states) or superPoissonian (all the rest). So we may safely say that subPossonian statistics holds only if the measurement itself is non classical.
Anticorrelation.-Next we move from subPoissonian statistics to anticorrelation of photocounts in the typical scenario displayed in Fig. 1 , as the flagship of quantum optics. There a single photon impinges on a lossless beam splitter and two joint intensity measurement are performed at the outputs of the beam splitter. Since the photon is indivisible, the detectors can never both trigger simultaneously so that n 1n2 = 0. This is maybe the most clear and simple evidence of the quantum nature of light [8] .
In accordance with our objectives let us replace the two-mode quantum number statistics P (n 1 , n 2 |ψ) by the classical intensity distribution as marginal of the Q(α 1 , α 2 ) function, leading to
where R, T are the transmission and reflection coefficients with T + R = 1, leading to
so the alleged quantum effect would not be never observed.
Along the same lines we can examine the Hong-OuMandel effect illustrated in Fig. 2 [9] , where two photons impinge simultaneously on the input ports of a lossless 50 % beam splitter. The quantum theory predicts the result n 1n2 = 0 again as an evidence of the quantum nature of light.
However, this result is not preserved if we replace the detectors by classical-like measurements. In such a case the joint statistics would be a a simple two-mode generalization of (1) 
leading to
Quadrature squeezing.-As a further classic non classical test, it is known that quadrature squeezing, ∆ 2X < 1/4 forX = (a † +a)/2, is incompatible with a bona fide P (α). We carry out the analysis by replacing the quadrature distribution obtained by projection on highly nonclassical states by the marginal of the Q(α = x + iy) function for the random variable x (2). Computing the first two moments using the anti normal ordering when necessary we have
Therefore, there would be no quadrature squeezing for any field state, and so no evidence of nonclassical behavior regarding this physical variable.
Conclusions.-We have shown that paradigmatic nonclassical effects vanish if the measurement states become classical-like. We can legitimately conclude that classic tests of nonclassical effects do not discriminate between the nonclassical properties of the system and measuring states. So subPoissonian statistics or quadrature squeezing no longer allows us to conclude that it is the state by itself that is nonclassical.
Seemingly the only consistent solution to this circular argument is that actually all the states are nonclassical, as revealed by recent approaches [5, 7] .
